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ASSTRACT

ADVANCES IN MATERIALS F!)R SOLAR ENERGY UTILIZA-
TION have the potential to produce lsrge perfor-

mance improvements (both present ●nd furure con-
cepts) in use of solar energy or conservation.

Because ●pproximately 26 quads of the total

netionel ●nergy budget of 75 quads is consumed
by buildinge, ooitr ●nd conoervetion improvements

cen have J ~erg? ●ffect on our overall energy

consumption.
There heve been ● large number of materials

research progrema funded through the Department

of Energy (DOE) in ●n sttempt to ●xpand the use
of oolar energy. These meterisls progrems have

covered the ●rees o: oealant$ ●nd gaskets, insu-

letionc, 81~Zi- ,8, glezing-surface treatments,
polymers, eelettive ●bsorker surftces, pheoe-
change #torage, ●nd heat mirrors, In ●ddition
to developing the materials, ● lerge ●ffort has
been directed towsrd determining the reliability

●nd durability of ooler materiels, me present
atatc of the srt ●nd ststus of theoe ●olar
materials will be diacuotedi

Although much progreso Ies bee, made in re-

cent yeers, mcny improvement! s •r~ still needed.
For many of the mora routin,! metarielt, simple
cott reductions or durebili:y improvements would
nuffice. For the more ●dvalced concepts of con-

trolling energy flow into o: out of buildinua,
hecic materials receerch reneins ● neceacity,

There are ● lerge number of potentially viable
concepts thet ●ppear promioing but have not yet
be?n developed into uoehle Itecerials,

INTRODUCTION

THE PURPOSE of thi~ paper is to deccribe the

prcoent titetus of soler mat~rialt da~~elopment,

t( outline oome of the ●nergy savings that might
result from odvanccd concepts end to describe
aomo of the matariela being deveIoped for future
uses, It hes be@ll nhown~ that there ie 8reat

pot?ntial for ●dvanced concepts and materials.

IG addition, there are life-cycle coet gains to
be mchieved through the development of lower cost

●nd more dureble materials in the ●reas of fJl~Z-
in.ge, oelective ●beorber~, ●torage, and insulat-

in8 materials,

ENERGY USE IN BUILDINCS

TMe total 1977 US ●aergy cououmption was ap-
proximately 75 queda,z of which ●bout one-third

was coneumed by building.. Of this close to 25
qucdt, residential buildin8s •~t.unted for 61%
and rommerciel buildings 39~. rable I d ~cribes
the ‘meakdown of the energiee into ●nd ute.

TABLE I

U.S. Building Energy Use by S*ct~*r

Residential Lormnerciel

Space heetin8 4s% u%

Spece cooling 7 21

Lighting 23
hot wster 1! 2
Appliances 18 .-

Other 7 ~

166% Iooz

AS can be seen from the breakdown ●bove,

oolar heating, coolins, ●nd water heatins could
significantly ●ffect 69% of thm ‘evidential
●nersy uce and 67X of the commercial ●ner8y con-

sumption. There ● re meny interrelated effects,
particularly with ~ightin8 ●nd heating or COOl-

in8 ●nergieo.

HISTORY OF FtATCRIALS PROJECTS

A Pro8ram Plan~ wes developed in 1976 under
the sponsorship of the US Sner8y Rtoemrch ●nd
Development Administration (later, Department of

En?r8y) wtlooe intent was to develop cost-affec-

tive systems for solar betting ●nd cooIinS of
buiIdin8a, ThiD Plan was then implemented
through the release of ● number of oolicitationa



aimed ●t developing tbe systems, coocepta, ●nd
meterimls. The ~jority of these programs have
been completed, and the results ?f these solici-
tations have now been publithed ●nd released. A

reportb describing the materials programs ●nd
turmerizing the results of these programs has
been published by Los Alamos. The materisls

program. consisted of invectigatiorrc into ●b-
●orbers, glazings, ●dhesivea, seelants, insula-
tions, beet-trenafer fluids, corrosion, ●nd other
●tebility or interactive studies. Tbe#e 60
programm have contributed to or developed the
pre~ent ●tete-of-the-art. Additional progrems
have been funded by other government ●genciec,
commercial intereata, ●nd other DOE solicitations
such ● s the Paasive ●nd Hybrid Ptaterisla Compo-

nents Uarketeble Products Progrem5. There ●re
●lso programc being funded ●t the netionel labor-
●tories, ●t the Solar Energy Resesrch InstituLe

(SERI), and ●t universities. Foreign countriec
have ●lso initiated ●nd ●re carryin8 out ●xten-
sive materials reeearch programs.

POTENTIALMATERIALSRESEARCH AREAS

To meke solar energy more competitive, ●n
obvious spproach ia to decreaae the life-cycle
costt of the system. l%~s can be ●ccompliahcd

by increasing the durability or ?ifetimea, da-
craaaing coata, ●nd increasing tha oyatem per-

formance.
Active ayatema have ●ttained ● leval in per-

formance where reliabilities, coat reductions,

and increased lifetime. ● re the primary materiala
problems. Nhila gaina in performance ●re ●lways

poaaible, the immediate incra-aea will probably
raault from innovative naw aystemr combined with

naw materiala developmercc that ●ra focuaad
directly on these nav systems. In particular,
low-coat, durable polymerc will find ●pplication

in ●dvhnced ●yatema.
Conservation, paoaive ●olsr, or hybrid ays-

tamc shara ● number of common ● reas whare ●d-
vances ~n materials cen significantly incraaoe

nyctem performances or conaerva ●nargy. Naaper

●nd McFarland have analyzed n number of pa8-
aive syatams and locationa to determina whora

aume of these materiala ●dvancta might prove to
be beneficial, Additional ●nalyaaa ●nd reoults

from thg Lot Alsmos paativa room6 testing of
●dvancarl concapta hsvc provided ●dd~t~onal ~n-

tight to ●id in determining whare materiala
dev~lopmentn ● rc needed,

Some of thesa arc ● s follovo:
o high R Sla:!!ngs and apertures,

o Low-cost a?lective abso~jorc,

o Ext@rior ●nd ~nLar~or wall trmtmanta,
o Haat distribution ●nd control mat@rialB,

o Switchable trentperrnrrt mttetialo,

o Switchabl? opaque materialo,

o Low-cott durablo polymer Sla;inga, and
o High performance, durabla (enti-raflec-

tive) and ({nfrarad-r~flactivt) coatin~a

on polymer,.
HIGH THERMAL RESISTANCE GLAZINGS - ModolinS

and •nalyo~s of ● -mall rta~dant~al homel und~r

verioua climatic conditions heve 830vM that paa-

●ive solar ●yatems with high R glezings can work

well in edverae climutes. Figure 1 deacribea the
energy ●svingo thet can be obtained for varioua

glezing R valuea ●nd boler tranamittsnces for
verioua climetea. Although the increased bene-

fits ● re modest in ❑ild climetes, they ● re ai~ni-
ficant in ●xtreme climatea like Ceribou, Maine.
Figure 1 ohowa that evwn e north-facing ●vacuated
R-12 window car provide some gain in Caribou.

Some of the efforts being pluraued in high trans-
mittance, high R glazing ●rle ●erogels, evacuated

Slezinga, infrared-reflective glazinga, ●nd con-
Vection-auppreaaion ●yttema.

Aerogela - Research ia currently being con-
ducted ●t Lewrence Berkeley Laboratory (LBL)7

to produce ● w~ndow that ia both insulating ●nd
highly trannpsrent. Aero:ol ia ● very fragile

materiel that must be protvcted from moisture,
hhock, ●nd hendling. Althou h ●erogela of a
number of inorganic oxides’~} ! have been pro-
dllced, the LBL efforts ●nd those of others ● re
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Fig, 1 - Annual ●ntrgy aavingo par squara foot
of Tromba wall with variou. glacings, plotted as
● funct~ol of climate. Hera, “{limatc” is de-
fi,..J ● s tha ratio of January dogra~ days to

January horizontal insolation. The anergy IOSS
of ● wall with R-30 ~nsulat~on Is shown for com-
par~oon. llre thraa valu~a of cl~matc ● re for
Albuquerque, Columbls, and Ctribou.



centered arouzd milica ●etogels. Bilica serogela

consist of ● bonded network of silica spheres,
which, with good homogeneity, could have extrame-

ly high solar tran6mittanceu. To be s practical
material it will have to be protected by glaas
on either side. Trant!mittJnCt6 ● re shown in

Figure 2. The daahed curve is ● normal_hemi-

np!zericsl measurement vhile the solid line is ●

normal-normal measurement. This io indicative

of the ●mount of scattering that is taking place
for the shorter wave lengtho. fiermal conduc-

tivity of air-entrained ●erogel la 0.011 Btu/oF
h ft while CC12F2 ●nvironments have produced
values ●s low ● s 0.006h Btu/oF h ft. Baaed
upon the present status, it ●ppears that 0.79-in.
aerogel sandwiched between two layers ot low-iron
glass can ●chieve a solar transmittance of 0.50
while ●ttaining ● thermal conductance of 0.15

@tu/h ft20F (R = 6.7).
Vacuum Glazin& - The Solar Energy Research

Institute (SERI) is conducting ●n exploratory
research program to evaluate and produce ●n

evacuated glazing having high transmittance ●nd
high t!,ermal resistance. 10 Figure 3 describes

one concept under investigation. An optimised
glazing ayatem using a combination of the beat

optical components could conceivably ●chieve ●

solar transmittance of 0.70 cmnbined with ●n R =
12 insulating quality. Evaci*ated glazing should

offer the potential for the highent transmittance
glazing ●nd R value for ●ctive solar collector,
paasive oolar systems, or norm-l window ●per-
turea. Ocher passive systems would have to be

evaluated where -elective wall coatinga would be

in direct competition with the heat mirror coat-

inga. In this case, ptrhap.9 ●n uncoated glazing
with the selective surface could be the highest
performer. On-line processing of a haat ❑irror

coating in ● contaminant-free atmosphere, sealed
in ● vacuum, could maintain ●xtremeiy good opti-
cal Dromerties.

ton;ection Sup praasion ●nd Heat Mirrors -
Films or devices to ●uppraaa Lhe convective heat

tranafer thrtiu.sh windowa haa been sought for many
yeara through the uae of multiple glazinga.
More recently, high transmittance films have
come into being to provida h:gh therml resis-
tance ●a well ●s to ●ttempt to maintaiu high
solar transmittance. A 4-layar glazing using 3M

SunGain” is ● good example of this ●pproach.
TWC layera of ●nti-reflection-treated polyester

that have colar transmittances of ●pproximately

0.97 ●re sandwiched between two layera of glaaa.
Teata of this concept in tile Loa Alamos paaaive
teat rooms have shown better performance than
one layer of 0.70-trwtsmittance Heat Itirror”

sandwiched between duuble glazing. Although the
conduction through the heat mirror system was
lower, transmittance of solar energy through the
higher transmittance SunGaina glazing Wa

sufficia:,tly greater to be ● n overall better

performer. A large gain in solar heating frac-

tion could be ●chieved with ● selective surface
used in conjunction with tha dunGain *unita.
In addition to these ●dvsncoa, other ●nd better
aystema of convection suppression than the lay-
ered glazings must be developed. These could
range from optimized honeycombs to louvered slats.

Wovelengfh(#m)
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FiP. 2 - S~cctral normel-normal trsncmittance (solid line) ●nd

sp;ctral normal-hemiapharical transmittance (daubed lifie~ of

silica ●erogai 4 mm thick. Refarance - RuS~rl, t15. ●nd Lampat’t, C.

of LBL.
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Fig. 3 - SERI Evacuated Glass Window.
Reference - Maoterson, k., Benson, D.,
Christensen, C., Jorgensen, G., SERI.

Uateria18 performance ●nd durability compris,e

●n ●rea of materials research that mutt be pur-
sued. Anti-reflection ●nd infrared-reflection
roatingo that have the durability neceasnry for
stand-alooe cyatemn, without requiring encapsula-

tion for I otection, would be ● significant ●d-
vantage. -frared-reflecting coatings ●lso have

the potent.ai for large performance increaeea
,)ver those currently available. Considerable
research is being conduc:ed ●broad in ● n attempt
to improve solar transmittance while maintaining
good infrared-reflecting propertied. Hamberg ●nd
Granquiotll have shown that iridium tin oxide

(ITO) tilme coated with ● MgF ●nti-reflection

coating ●re capable of 95% luminous transmit-
tance cnd WO% thermal ●pittance. Hartig et.
●l.,lz have developed ● 3-lcyer oxide/Ag/oxide
system which has ‘U7% transmittance in the
visible while maintainir,g ● thermal emittance

of MO%. In ●dditio!,, there ic much room for

improvement of ~nexpenaive, durable, high-trano-
mittance polymer- for film glazings that might

serve as aubztrtites for surface coatingc.
SELECTIVE SURFACES - Selective abaorberc heve

progressed considerably since the mid-19701a when
black chrome wac at its peab of development ●nd
commercialization. Nevertheless, bla.k chrome
continues to be the staudar: for durability.
Other coatings may be equally d,~rable; however,

they do oot have the proven track record that

black chrome hae. Much work still remain, to
develop cn inaxpenaive coating with good

properties ●nd du~ability for lCSS demanding
●pplication. l%er~ it obviously overkill in
using ● high-temperature durable coating for ●

low-temperature passiv~ ●ppIicotion whore more
inexpensive coatings may do the job in ● more

cost-effective manner.
The performance ●dvantage of oeluctivc our-

facec used in paative ayatemo has been documented

in the Poosive Solar Decig,) Handbook~3 ●nd in
Los Alamoo teat room reports7. Fi~ure 4 de-
$cribeo the advantage of te!ective coatingo over
that of bl~ck paint for patcivc syotemo. Thio

figure ●hove that for this particular load-to-

collector ratio, configuration, and climate, a
●elective surface tystem might have an approxi-

mate 20% performance ●dvantage over a flat black
●yotem. The solar savings fraction (SSF) ia the

meaaure of performance used here. Similar ●d-
vanta ● s have been documented for ●ctive sys-

J!temel .

91NCH WATER WALL, LOS ALAMOS 1978

LCR ● 27 NGL= I

SELECTIVE
SURFACE

PRESENT FLAT
CHOPPED STATUS BLACK

GOAL \ FOIL, OF TISP. PAINT.

oo*J+-_l&J.
E8&TANCE “

1.0

Fig. 4 - Performance compariaone of variable

selectivity :oatinga.

Honeywell,15 in their ~tudiea of inexpen-
sive paints ●pplied to ●luminum foil, have pro-
duced ● product that has the following optical
properties: eolai- ●baorptance of 0.90 and ther-

mal emittance of 0.10. Durabilities have been
: vestigated ●nd ● re expected to ●pproach thoee

of black chrome. A production-simulation run of

the product resulted in manufacturing coatt of

$0.22 for the paint ●pplied to tht foil, the ●d-
hesive backing, ●nd the peel-away protective
backing for both the front surface and rear
●dhesive turface. Altho,gh thie product has

been developed from a research standpoint, it
has not yet reached commercialization ●xcept for
marketing of the paint formulation.

Development of eelect~ve coatings that can
be eaoily applied to cuncrete, maaonry, or normal
construction materialo in yet ●nether ●rea where
improved materialt are needed. Presen~ isy

techniques require thtt concrete be grouted,
smoothed, tnd prepared to reczive ● celective
film that fs ●dhesively bonded to the eurface.

Thickneea-insensitive @elective painte (TIFF)
research undertaken by Honeywell in 1978 hat not
atteined the necessary propertied LO make these

paintc really coat ●ffective. Figure 4 showE the
degrea of progtceo th$t has been m~de ●t Noney-
well and Los Alamos ●nd the goal that would be



desirable for ● TISP ●ymcem. Such a paint sys-

tem most deeirable is ● typical metallic flake
paint that could be sprayed on any type of sub-

attate. Other inexpensive coatinge may ●lso pro-
vide the necessary coat effectiveness for low-

temperature pasaive systems.
IJ3W-EMITTANCE INTERIOR WALL OR CEILING TREAT-

MENTs - Low ●mittance or high infrared reflec-
tance crnmnercial coatingn ●re pre-ently beins
marketed a. >nergy conservation coatings for re-

ducing building energy consumption. When these
:oatinRa ●re combined with solar pacsive ●yatema,

the reaulta ●re even more dramatic. This ia
primarily because of the large surface ● rea
radiators like maeo ctorage walln. Data from
solar maas wall tc.zt rooms ● t Los Alamoc ● re
●hewing an approximate 30% ●uxiliary anergy sav-
ing realized by using 10V emittance ●urfacea

rather than the conventional high emittance sur-
facea. Evaluation of the energy ●nd human com-
fort parameters ● re needed to determine how to
obtain the graatest benefite from high infrared-

refiective ourfaces. These benefits could range
from basic ●nergy savinge to implementing or
assisting in energy transport.

SWI’rC~BLE COATINGS - Glazing Materials -
Neeper and McFarland presented the mod-g
resulte for ● number of solar geometries having

awitchable optical propertie~. Of theaa, one of
the most representative W(IS ●pplication of ●

&witchable glazing to ● south-facing Trombe wall

system. They show that, for the given syotem,
ansume glazing optical properties could be
switched from solar transmittance of 0.7 for the

standard case to 0.1, ●nd solar reflectance of
0.8 when the room temperature increasad from
~OOF to 730F, This scenario reduced the
June through September cooling loads to ●bout

0,2 of that normally encountered without signi-
ficantly ●ffectifig the ●nnual solar betting sav-

ings. Similar savings in cooling loads resulted
from the ●nalyois of direct gain or window-glazed
●ystems. This control strategy did, however,
ripificantly reduce the ●nnual solar heating
performance of the direct gain syatam.

A number ~f inveotioators have been pursuirg
selective tranemiosioll ma~eriala. M imary
●fforts to date have teen centered ●round photo-
chromic, thermochromi:, elactrochromic, and

liquid crystal ●pproschea, Although much of the
materials research for solar ●pplication. is
still in ito infancy, many of the matarials ●nd
concepts st,ow prornioe.

The requirements for colar ●pplication.
differ oubetantially from the prooant electronics
dieplay supplications where changes in the visible
portion of the opectrum ●re of prim-ry interest

●nd the switching rates are extremely fast.
SEltl 16 LBL,17 ●nd many other invast{ga-

ftora 111~ have begun to leek at switchabla

materials for oolar ●ppl ication, Some of tho
mnct recent otudiea hy SER1 have ohown that ●

WO~ stack of elect, ~chromic material displayrnd

a 68% reduction in ap?ctral transmittance ● t a
wavelength of 600 nm ●nd a Deb’a~9 cell went
to ● virtually opaque level, Both cello had only

about ● 25% ●olar*eit#ted, non-colored trans-
mittance. Reaently known changes proposed by

SERI should improve the transmittance of this

type of coating to over 50%. S:*enaaon ●nd

Granquiot10 have recently demonstrated that a
reversible shift from 12 to 86% solar transmit-

tance ia poaaible. LonSer term reacarch and im-
provements would obviously be ●xpected to produce

far better properties. In ●ddition, there ●re
many ransea of switching that cat) be visualized

for the variou8 operatin~ ❑odem. Aa proposed by

Benson ● t S&RI, some of t,leae might be multiple

●nd independently ●witcbable stacks. Some of the

operatin8 modes might !%:
o Visible light tranamittlng only for

●unmoer daytime operation.
o Solar spectrum transmitting only for

winter daytime operation.
o Completely reflecting for winter night-

time operation.
o Completely transmitting for summer

nighttime operation where Tamb <

Tinaide*
o Transmitting in the 8 to 13 micron

range for ●umaner radiative cooling.
Switchable Exterior Coatinga - An ●nalytical

evaluation waa conducted at Lo- Alamoa to deter-

mine if ●xterior paintc or coatinga whose optical
properties could ba switched would improve the

●nnual thermal performance of buildings. The
cuncept ausumed that ● material could be devel-

oped whose solar ●baorptance ●ndlor infrared

emittance would change ● t ● givao temperature to
benefit ●ither heating or cooling. These coat

inga could be directly switched by t~mperature
or by sensing temperature ●nd switching by othar
mean.. Several climates (Phoenix, St. Louis, ●nd
14inneapolic) wera avaluated, ● s were construction

maar and inaulutiona. The optimal switch tem-
perature waa found to be 600F. Table 11 ahowa
that ● recaonably well insulated building gaina

only ● amoll ●mount from the -witch in propar-
tiea; however, poorly insulated buildings, typi-

cal of many retrofito, could benefit aignigical1t-
ly.

Honeywo1120 has ●tudiad therm~lly ●nd

field-effect #witched V02 ●nd Nb02 to develop

● solid-state, infrared optical choppar. Al-
thoush this ●pplication ia far different from
that for solar, ●nd the ape:tral changaa would
hava to be modifi~d for solar ●pplications, it

ia interesting to note tha magnitude of the
changaa that hava resulted. Temperature-induced-
●bsorption changea occur in the 2.5 to 6.0 micron

spectral range for tamperaturea ranging from
ambiant to 200c’C for ●ingla crystal Nb02.
Varying the temp~ratura from 250c to 2000c

reaulta in co-responding change. in transmittance
nf MO% to WOX ● t 2.5 micrrna. Reflactancas
show ● corresponding chanse but to ● slightly
leaatr degree. Obviously thera is ● long way to

go from baaic phenomenon to tha ideal solar ap-
plication,

Syitchable ~nterior O~aque Coa~ One—.-.. .- ____
appl~ca~~o%%raw~tchable ●mitcance coatinga ia
that of anersy-flow control from atoral~e to the



TABLE II

CHANGE IN ANNUALAUXILIARY(8)

Light Construction

R-?O Walls 6 Roof
R-ii Walls & Roof
R-2.5 Wclla 6 Roof

Medium Construction

R-20 Walls b Roof

R-11 Walls b Roof
R-2.5 walls 6 Roof

Massive Construct~on

R-20 Walls 6 Roof

R-11 Wallo 6 Roof

R-2.5 Walls 6 Roof

Phoenix St. Louic——

- 8.3X - 6.&%

-13.5 - 9.6

-24.4 -15.0

- 8.4 - 6.5
-13.7 - 9.7

-25.4 -15.3

- 8.9 - 6.7

-14.2 - 9.8

-25.4 -15.3

Minn.

- 4.7%
- 7.0
-11.0

- 4.7
- 7.0
-11.0

-4.8

- 7.0

-10.8

(a)chanxe in ●nerEv is based on a COP=? fOr-.
auxiliary heating ●nd cooling ●nd normal murface

propertied of ~ ■ 0.5 ●nd C - 0.9.
Switchable properties vary from a selective
absorber ~ ● 0.9, ~ . 0.l tO a selactive

reflector ~ _ 0.1, E = 0.9.

room apace for pa8aive systems. In paasive sys-
tems, energy flow from a storage mast wall is
transported primarily by convection ●nd radia-

tion. The rtdiation portion of this anergy
trannport can be as much ● s two-thirds of the

total energy transport in clooely r~diation-
coupled sys~.em\. By varying the amittance of the
wall through the use of cwitchable coatings,
either electrochrornic, thermochromic, or other

meant, the building living-space temperatures
could be controlled.

Additional materials ●ctivation cchamet could
possibly be used to control boundary layers or
dead ●ir spaces for convection cuppreoaion ● a
well, For large solar ayatemo, much of the hect
delivered to the living ● rea is vented because of

overhe?tin.a Much of this ven,’ed heat might be

conserved for later uee if the proper controle

were available. This could ●pply to both radia-
tion ●nd to convection.

FUTURE PROSPECTS

There ● re ● number of new materials ●dvancte

that could aiftnificantly incraaee the performance
of colar anergy in buildiuge. A numbar of these
could be ●pplied to pasa.ve, ●ctive, or hybrid

ayatemo.

o

0

0

0

0

0

0

0

0

0

Coet ●ffectiveneee increaae for present
ayatemb and materials through achieve-

ment of greater durability, lower coata,
or better performance.
High thermal resistance/high solar

transmittance glazings or ●perture
materiala that would permit south glaz-

inga to be operated ❑ ore ●fficiently or

●aat, west, ●nd north apertures to
provide significant gaina.

Switchable glazings that, by changing
●baorptance and thermal emittance can be
used beneficially to accept winttr

heating energy or reject summer exceaa
heat.
Optically ●witchable opaque coating that
can be used to abaorb in a heating

mode or reject heat in a cooling mode.
Switchable ●mittance coatinga that can
be ueed within the building envelope to

control energy ilowa from atoragr to
living areae.

Low emittance room coatinge combined
with solar paeeive ayetems should be
investigated to aeaesa poaaible bene-

fite.
Storage materi te that might uae con-
trolled euper cooling or chamical

changee to return to higher tempera-

ture on demancl for more controlled
releaae of energy.
Solid-solid phase change materials that

might be used to replace dry wall lr
other materials for ●dded heat etorage.

Building opaqua surface or aperture heat

rejection that would make uee of the
8-13 micron ●tmospheric window needs
further investigation to eee which
concepts and materialt requirements
❑ight be developed into practical

ayateme.

Inexuenaive selective abaorbers that can
easiiy ●nd inexpeneively be spray- or

brueh-coated on concrete, maaonry, or
storage materiala.
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